We analyze the cosmic ray arrival direction map that would be observed if the source of ultra high energy cosmic rays were the decay of dark matter particles in the halos of our galaxy and of the Andromeda galaxy (M31). To model the dark matter distribution throughout the halos we use two different density profiles, the Moore et al. and the Navarro-Frenk-White profile. The results show what would be seen by the Pierre Auger experiment, since we take into account its exposure. We evaluate the dipole and quadrupole terms for the resulting maps in the two density profiles cases and compare them with the terms expected for an isotropic sky.
I. INTRODUCTION
The origin of ultrahigh energy cosmic rays, that reach us with energy ∼ 10 20 eV, is still a matter of intense investigation. Until today cosmic ray experiments were not able to collect enough data in order to achieve any conclusions because the flux at these energies is extremely low [1] .
The Pierre Auger observatory [2] will consist of two separate sites, one in Argentina and the other in the US, covering the whole sky with an exposure of about 10 5 km 2 .sr.yr for the southern instrument and about 10 6 km 2 .sr.yr for both observatories. Presently the southern instrument is being built in Argentina and should be completed by 2007. It will set new standards for the ultra high energy cosmic rays physics, since it will collect a much bigger amount of data than all previous experiments combined. In particular, it will probably be able to determine if ultra high energy cosmic rays come isotropically from all directios of the sky or if distinct point sources or other patterns exist.
During the propagation of cosmic rays from their source to us, they interact with the cosmic microwave background radiation. If the cosmic ray has energy above the threshold energy, 5 × 10 19 eV, this interaction results in the photo-production of pions. The cosmic ray will lose energy through this process and theoretical predictions tell us that if it is detected with an energy higher than the threshold energy, it is likely that it would have come from a source ∼ 10 2 Mpc distant from us [3] , [4] . This is called GZK cutoff and it tells us that potential sources must be close to the Milky Way.
The idea that ultrahigh energy cosmic rays can originate from the decay of super-heavy dark matter particles in the halo of our galaxy and nearby galaxies becomes then very attractive, since potential astrophysical sources are very rare in our neighborhood. There are different candidates for dark matter particles as well as for their possible decay products. If the latter are photons, recent results obtained by the Pierre Auger collaboration [5] show that its data still allows the possibility that cosmic rays are generated through the decay of dark matter particles.
In this paper, we study the anisotropy patterns that would be observed by the Pierre Auger observatory (North and South sites) if cosmic rays come from the decay of dark matter particles in the halo of the Galaxy and in the halo of the Andromeda galaxy (M31) [6] , [7] . For now, we make no assumptions about the nature of these particles.
II. DARK MATTER DENSITY PROFILES
Our analysis strongly depend on how we assume the dark matter particles are distributed throughout the halo. There exist several density profiles derived from high resolution Nbody simulations that describe this distribution. We chose to use the Navarro-Frenk-White [8] , hereafter NFW, and the Moore et al. [9] , [10] profiles, which are believed to be the most accurate ones. They can be parametrized by the following expression [11] :
where r is the distance from the center of the galaxy to the halo element, r(0) is the distance from the center of the galaxy to the sun, ρ 0 = ρ(r 0 ) and the constants α, β and γ take the values shown in Table 1 . Table 1 : Values of α, β and γ for the two profiles.
III. ESTIMATING THE FLUX
Since the Earth is not located in the center of our galaxy, we expect that cosmic rays coming from the decay of dark matter particles would not be isotropic in their arrival direcitons. We define θ as the angle between the galactic plane and the direction connecting the Earth and the dark matter element. The cosmic ray flux due to our galaxy's halo coming from that direction is given by:
where K depends on the model adopted for the dark matter particle and s is the distance between the Earth and the dark matter element. If we assume that the dark matter halo of M31 follows the same density profile, the flux of cosmic rays observed on Earth coming from M31 will be [12] :
where ζ ∼ 2 is the ratio between the masses of M31's halo and our galaxy's halo and D ∼ 670 kpc is the distance to M31.
IV. AUGER'S EXPOSURE
All events detected by the Auger observatory are subjected to its experimental exposure. The exposure gives the probability that a cosmic ray coming from a given direction of the sky will be detected. For very energetic cosmic rays, this probability actually depends only on the declination coordinate of the cosmic ray direction.
The map that would be observed by the north and the south sites of Auger if sources were distributed isotropically in the sky is shown in Fig 1, in galactic We can see that it is very important that the exposure is determined with the highest precision posible, since its paterns could be easily mistaken for an inexistent anisotropy.
V. RESULTS

A. Dark Matter Contribution
The cosmic ray arrival directions maps that would be observed by Auger if we assume that all cosmic rays come from decay of dark matter particles from both our galaxy and M31 can be seen in Fig 2 and Fig 3. We can see what would be detected if both halos follow the NFW or the Moore et al. profile.
FIG. 2:
Cosmic rays arrival directions map that would be observed by the Auger observatory if we consider the contributions of both our galaxy's and M31's halo, and assume they follow a NFW density profile We can see that, while both maps show an insignificant contribution of M31's halo, the NFW density profile assumption makes M31 brighter than than it is if we use the Moore et al. profile.
B. Adding an Isotropic Background
We now define the total flux of cosmic rays as the sum of a dark matter contribution and a flat background (all passing through the Auger's exposure):
We can then control the intensity of the background in our simulations by changing the value of the η factor.
Results for the two profiles and two different values of η are shown in Figs 4, 5, 6 and 7. We see that the dark matter contribution to all these maps (the bright spot in the center) is very low compared to the exposure effects induced on the background, even for a very high value of η = 0.2. Also, for all the maps produced, the contribution of M31 is visually inexistent.
We do not expect however a very high conribution from the galactic center, such as the one being represented by the case η = 0.2. If this contribution really existed, it would have already been seen by other experiments. The contribution we are expecting to see should be much fainter. 
C. Angular Power Spectrum
In order to quantify the deviation from isotropy of the maps we produced, we chose to measure its angular power spectrum.
We can expand the cosmic ray intensity function over the sphere in the base of the spherical harmonics [13] : 
where N is the total number of cosmic rays detected. We define then the angular power spectrum as:
For all the maps obtained we calculated the dipole and quadrupole terms for different values of η. These results are shown in Figs 8 and 9 .
We see that deviation from the isotropic case can be detected even for the lowest values of η. We chose to run the simulations until η = 0.2 because we saw from the previous results that in this case the contribution from our galaxy is already too strong compared to what we expected from the available data.
Those results cannot however be pomptly interpreted as a real dipole or quadrupole on the sky because they are "disguised" by the exposure effects. In order to quantify multiple intensities, one should subtract the exposure from the maps. This can be easely understood if we notice that, if those results reflected real dipole or quadrupoles, the points representing the backgroung should be zero throughout the x axis.
VI. DISCUSSION
The results obtained in this work, although very preliminary, indicate that signatures of cosmic rays produced by dark matter decays may be hard to see. Even for cases in which the signal from dark matter origin is big compared with the background, the galactic center is very faint, if exposure subtraction is not done properly. The contribution of M31's halo is insignificant when compared to our galaxy's contribution.
An interesting extension of this study would be the analysis of the case in which not the decay, but the anihilation of dark matter particles in the halos of galaxys were the responsible for the creation of ultra high energy cosmic rays. In this case, our's galaxy contribution would have the flux:
where the only difference from equation 2 is the fact that the density is now squared. The same would apply to M31's halo and equation 3 would become
This anihilation scenario may be theoreticaly more plausible than the decay one because it doesn't impose a specfic lifetime for dark matter particles. On the other hand, it would predict a stronger signal from the center of our galaxy that, as aforemenioned, was already not seen by previous experiments.
